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An observational study was conducted to examine the use of sun protective hats, clothing, and
sunglasses of people attending an outdoor entertainment event in an area of high-to-extreme
ultraviolet radiation in New South Wales, Australia. Armidale is unique, as it is a highly-elevated
area, almost 1000 m above sea level, and temperatures are often mild with very high-to-extreme
levels of ultraviolet radiation. Four trained data collectors observed attendees as they entered the
event, and recorded their use of sun protective hats, clothing, and sunglasses. While more than
half of the attendees wore sun protective hats, only 14% wore sun protective clothing. Broad-
brimmed hats were considered sun protective, while sun protective clothing was defined by shirts
with at least three-quarter-length sleeves. Females were more likely to wear both a sun protective
hat and clothing than males, and children were less protected than adults. Legislative changes are
required to ensure that organizers of outdoor events have a legal responsibility to provide a safe
environment for attendees, including strategies to help reduce ultraviolet radiation exposure.
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1 | INTRODUCTION
Skin cancer is the most common form of cancer in humans, with
approximately 2–3 million non-melanoma skin cancers (NMSC) and
132 000 cases of melanoma diagnosed globally each year (World
Health Organization, 2017). Australia has among the highest rates
of skin cancer in the world (Cleary et al., 2014), which creates a sig-
nificant public health burden. The total treatment cost for NMSC in
Australia during 2015 is estimated to be US$537 million (A$703 mil-
lion) (Cancer Council ACT, 2017). The annual cost of treating each
melanoma patient in Australia is estimated to be between US$1285
(A$1681) and US$143,500 (A$187,720), while the annual estimated
cost for treatment of all new cases of in situ and invasive melanomas
is US$154 million (A$201 million) (Elliot, Whiteman, Olsen, & Gordon,
2017). Similar costs are incurred globally (Lindsey et al., 2015).
NMSC is the most commonly diagnosed form of cancer, with
two in every three Australians being diagnosed with this before the
age of 70 (AIHW, 2016). Skin cancers are more likely to occur in
populations living in intense ultraviolet radiation (UVR) environments
closer to the equator, and in groups who work and spend their leisure
time outdoors (Moan, Porojnicu, Dahlback, & Setlow, 2008). The
cumulative effects of chronic sun exposure have been linked to the
development of NMSC, such as basal cell carcinoma (BCC) and squa-
mous cell carcinoma (SCC). While BCC and SCC share some similar
characteristics, their development, appearance, and treatment varies.
BCC are the most common form of skin cancer (approximately 80%
of skin cancers are BCC); they usually develop on sun-exposed areas
of the body, such as the head and neck, and are slow growing. SCC
can be more aggressive, are more likely to spread to other parts of
the body, and can lead to premature mortality (Rigel, 2008).
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Skin cancer (the majority attributed to melanoma) was the cause
of almost 2000 deaths in Australia in 2010 (ABS, 2012). Episodic,
intermittent, high-intensity exposure to sunlight has been linked to the
development of melanoma, which has the highest mortality of all skin
carcinomas. If left untreated, cutaneous melanoma can spread quickly
into the inner, dermal layer of the skin, the lymphatic system and
bloodstream, and other parts of the body, such as lungs, liver, brain, or
bone. Melanoma is currently the most common cancer in young
Australians aged 15 to 39 years (Melanoma Institute Australia, 2017).
Skin cancer is generally preventable if sun protection involving a
combination of the following strategies is used: repeated application
of a broad-spectrum, water-resistant sun protection factor 50+ sun-
screen; seeking shade when possible; limiting time spent in the sun,
especially during peak ambient UVR (10 a.m–4 p.m.); and wearing a
wide-brimmed hat, sunglasses, and protective clothing (i.e., a long-
sleeved shirt and long pants to prevent over-exposure to sunlight and
possible sunburn) (Saraiya et al., 2004).
Despite three decades of sun safety campaigns in Australia,
knowledge, attitudes, and behaviors related to dangerous sun expo-
sure are not necessarily translating into sun protective behaviors
(Nikles & Harrison, 2014). In 1981, a national mass media sun smart
campaign was launched in Australia – the Slip, Slop, Slap campaign.
At the time, skin cancer rates had been rising, and the campaign was
credited with playing a key role in improving sun protection attitudes
and behaviors in Australia (Cancer Council Australia, 2016). In addi-
tion, SunSmart, a television advertising campaign implemented in Vic-
toria in 1988, produced a significant improvement in sun protective
behaviors (use of hats and sunscreen) over time and a reduction in
the incidence of sunburn (Dobbinson et al., 2008). The results of
these targeted media campaigns indicate that it is possible to change
a population’s sun protective behaviors (Dobbinson et al., 2008).
Nonetheless, between 1982 and 2010, the diagnosis of melanoma
continued to increase by approximately 5% a year through the
1980s, declining to 2.8% a year thereafter, a reduction attributed to
the impact of this and subsequent skin cancer-prevention programs
(AIHW, 2014). While large-scale, primary prevention programs aimed
at reducing exposure to the sun and increasing awareness of sun pro-
tective behaviors can lead to reduced incidence of skin cancer, partic-
ularly among younger age groups (Erdmann et al., 2012; Giles,
Armstrong, Burton, & Staples, 1996; Staples et al., 2006), not all such
programs have been proven to be effective (Bataille & Glass, 2009).
Sustained public health campaigns are expensive, and it might be
timely to explore incorporating a legislative and policy approach to
help improve sun protection practices.
Australians spend a lot of time outdoors participating in leisure
activities, playing or watching sports, swimming, and attending out-
door entertainment events. Many of these activities occur during
peak solar UVR times, putting participants at increased risk for sun-
burn and future skin cancers. These settings present a challenge for
health promotion and skin cancer-prevention efforts in Australia
(Potente, Coppa, Williams, & Engels, 2011). It is well recognized that
many modern diseases have a social, economic, behavioral, and envi-
ronmental or lifestyle etiology. Health-promotion practice has shifted
from an onus on individual responsibility to procedures aimed at
altering social and physical environments and individual and
community behavior to achieve better health (Egger, Spark, & Dono-
van, 2013). The Public Health Approach is an analytical framework
that can be applied to various fields of public health to respond to
health problems (Krug, Sharma, & Lozano, 2000; Mercy, Rosenberg,
Powell, Broome, & Roper, 1993). Identifying risk factors associated
with poor sun protective behavior and understanding how such fac-
tors could be ameliorated are important in developing interventions
that successfully reduce risk. A better understanding of the use of
sun protective hats, clothing, and sunglasses of people attending an
outdoor event, and physical environment factors that might be ame-
nable to change in a policy context, could reduce exposure to UVR at
future outdoor entertainment and/or spectator sporting events, and
could assist with the development of recommendations for further
education, practices, and policy.
2 | METHODS
2.1 | Setting
A Day on the Green is an outdoor music festival held annually in
Spring (November), in Armidale in the Northern Tablelands region of
inland New South Wales, Australia (latitude −30.501562south, longi-
tude, 151.666199east). This 1-day event attracts approximately
5000 people. This event was chosen to observe the use of sun pro-
tective hats, clothing, and sunglasses (hereafter referred to as ‘sun
protective behaviors’ in the context of this study) of a large crowd at
an outdoor event in an area of considerable elevation (980 m), which
experiences high-to-extreme levels of UVR. The UVR index on the
day of the event was reported as extreme (11+) during the period of
data collection (12:30 and 4:30 p.m.), even though there was some
cloud cover.
2.2 | Data collection
A cross-sectional observational study was conducted at the Day on
the Green festival in 2015. At the outdoor event, four observers
trained in use of the data-collection tool collected data as people
queued or entered the event between 12:30 and 4:30 p.m. A plan-
ning and briefing meeting was held at the venue prior to data collec-
tion commencing. The three other data collectors were briefed,
including which lanes in the entry queue each collector would sample
from, and how to avoid doubling up. Each element of the tool/tem-
plate used was explained to the group for accurate collection.
Interrater reliability was established through each of the four
data collectors observing the same sample of 10 people. Each data
collector recorded observations of the 10 people, and then the group
of four reconvened and compared the data collected. After one ses-
sion, 100% accuracy was achieved between the collectors, so data
collection commenced. The results of the first 10 observations were
included in the final sample.
Observers were positioned outside of the event entrance in a
raised area, with two observers on either side of the queues so they
each had a clear view of attendees as they recorded their sun protec-
tive behaviors. Each observer was allocated two of the eight queues
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from which to record observations to ensure that each attendee was
only observed once. Consecutive paper-based observations were
conducted of all attendees as they queued to walk through the
entry gate.
2.3 | Data-collection instrument
Our data-collection tool was adapted from Nikles and Harrison
(2014), with the permission of the authors to include sunglasses. The
data-collection tool was used to collect the following information for
each attendee observed: age (child, estimated age 0–12 years; and
adult), sex, hat type (6 categories: wide brimmed, legionnaires, bucket,
cap, visor, and no hat), sleeve length (5 categories: long sleeves,
three-quarter sleeves, short sleeves, cap sleeves, and sleeveless), visi-
ble sunglasses (yes or no), and sunglasses position (covering eyes or
worn elsewhere). Given that the study was observational, it was not
possible to observe or record the use of and/or type of sunscreen.
2.4 | Participants
Of the approximately 5000 attendees, 2988 attendees’ sun protec-
tive behaviors were observed and recorded (approximately 60% of
attendees). Attendees started arriving from noon and queued at the
entrance until the gates open at 2.30 p.m. All attendees were through
the gates by 4:30 p.m. The majority of attendees were observed
between 1:30 and 2:30 p.m. (46.3%, n = 1382), 36.5% (n = 1092)
were recorded between 2:30 and 3:30 p.m., and the remainder
(17.2%, n = 514) were observed between 3:30 and 4:30 p.m. The
attendees were exposed to sunlight for 3.5–7.5 h, depending on time
of arrival (between 12:30 and 4:30 p.m.) and sunset, which was
approximately 7:30 p.m. There was no shade available for the
attendees at the event.
The majority (98.6%) of attendees observed were adults, and
only 42 (1.4%) were children. Of those observed, 1364 (45.6%) were
male and 1624 (54.4%) female.
2.5 | Ethics clearance
A low-risk institutional ethics application (project unlikely to result in
any harm to participants) was submitted to and approved by the Uni-
versity of New England Human Research Ethics Committee (HE15-
311) to conduct an unobtrusive observation study of sun protective
behavior at this event. Permission to observe and record the sun pro-
tective behavior of the participants was also granted by the event
organizers.
2.6 | Statistical analyses
Data were entered into SPSS (version 23; IBM SPSS, Armonk, NY)
and analyzed using descriptive and χ2 statistics. Post-hoc tests were
performed for pairwise comparisons using adjusted residuals. A Bon-
ferroni adjustment was applied to reduce the risk of type 1 error.
Effect size was measured using Cramer’s V. Given the small number
of children attending the event, and the subjective nature of classify-
ing children, it was decided to descriptively report the child results
and to exclude the child data in the analyses. Previous research has
shown a greater proportion of males than females reported sunburn
on the head, face, neck, nose, ears, and arms, indicating lower rates
of wearing hats and long sleeves (Dobbinson, 2004). Thus, sun pro-
tective behaviors were compared between males and females to
assess differences, if any.
3 | RESULTS
Observational data were collected for 2988 attendees, the majority
(98.6%) of whom were adults; only 42 (1.4%) were children. Of those
adults observed, 1333 (45.2%) were male and 1613 (54.8%) female.
An estimated 5000 attendees were present at this event, thus data
reported here represent approximately 60% of attendees at the
event.
There was a significant difference in type of headwear between
males and females (χ2 [5, n = 2946] = 328.7, P < .001, V = 0.33)
(Table 1). Post-hoc tests showed that a significantly greater propor-
tion of females (29.4%) than males (13.3%) wore no hat (z = 10.5,
P < .001), wore a visor (females 3.5%, males 0.4%; z = 5.9, P < .001),
or wore a broad-brimmed hat (females 44.9%, males 37.5%; z = 4.3,
P < .001). Conversely, a significantly greater proportion of males
(32%) than females (9.1%) wore a cap (z = 15.6, P < .001) or a bucket
hat (males 16.4%, females 13%; z = 3.1, P = .002). A greater propor-
tion of females wore a sun protective hat (58%) compared with males
(53.9%) (Table 2). Children most frequently wore either a bucket hat
or a cap, and the majority (61.9%) wore a sun protective hat.
There was a significant difference in the type of sleeves worn by
males and females (χ2 [4, n = 2946] = 495.3, P < .001, V = 0.41)
(Table 1). A significantly greater proportion of females (45.4%) than
males (14.1%) wore a sleeveless top (z = 18.2, P < .001), cap sleeves
(females 3.2%, males 0.04%; z = 5.5, P < .001), and three-quarter
sleeves (females 9%, males 3.3%; z = 6.3, P < .001). By contrast, a
significantly greater proportion of males (73%) than females (35.5%)
wore short sleeves (z = 20.3, P < .001). A significantly larger propor-
tion of females (15.9%) than males (12.5%) wore sun protective
sleeves; however, the effect size was small (χ2 [1, n = 2946] = 6.87,
P = .009, V = 0.05). The majority of children wore short sleeves
(64.3%), with only 4.8% wearing sun protective sleeves.
The majority of the sample (83.4%) wore sunglasses (Table 1),
and of these most (99.3%) wore them on their eyes (Table 2). There
was little difference between males (82.7%) and females (84%) in this
category of sun protection (χ2 [1, n = 2946] = 0.9, P = .179). The
majority of the children also wore sunglasses (61.9%), and all
observed were worn as intended.
4 | DISCUSSION
Although skin cancer is the most common form of cancer in young
Australians, it is largely preventable by avoiding overexposure to UVR
through the use of sun protective hats, clothing, sunglasses, sun-
screen, and the use of available shade. The results of the present
study highlight the low adherence to recommended sun protective
behaviors among attendees at an outdoor entertainment event.
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Although most event goers wore sunglasses, only just over half wore
sun protective hats, while the majority did not wear sun protective
sleeves. Female event goers evidenced greater sun protective behav-
iors than males. The type of hat and sleeves worn varied significantly
between sexes in the study, suggesting fashion and trend influences
clothing. Overall, fewer males wore any type of hat compared with
females, and more females than males in the study wore a sun pro-
tective hat and sun protective sleeves. Sun protective behavior
observed in the current study was less than optimal, with the major-
ity of attendees not adhering to recommendations for sun protection
described by the Cancer Council of Australia and other previous stud-
ies of public safety at music festivals (Earl, 2001; Earl & van der
Heide, 2001).
Similar low adherence to sun protective recommendations has
been reported in previous Australian studies (Dobbinson et al., 2008;
Nikles & Harrison, 2014; Volkov, Dobbinson, Wakefield, & Slevin,
2013). Dobbinson et al.’s (2008) longitudinal study in one jurisdiction
reported significant increases in rates of hat wearing over time, but
rates of hat wearing in the most recent survey remained relatively
low, with only 39% reporting wearing any type of hat while outdoors.
Volkov et al.’s (2013) longitudinal national study showed a small
reduction in reported hat wearing over time, with the most recent
survey results showing less than half of study participants reported
wearing any type of hat (45%). A Queensland study reported 72% of
observed attendees at an outdoor spectator sporting event wore any
type of hat, but only 29% of attendees wore a sun protective hat
(Nikles & Harrison, 2014). Conversely, in the current study, we
observed that over three-quarters of attendees wore some type of
hat, and over half wore a sun protective hat. Despite the fact that
just over half of the sample of the present study wore a sun
TABLE 1 Hat type, sleeve length, and sunglasses position of attendees at A Day on the Green, Armidale, New South Wales Australia, Spring
2015, by age and sex
Hat type N (%) Adult (n = 2946) Child (n = 42) Adult males (n = 1333) Adult females (n = 1613) P-value
No hat 659 (22.0) 657 (22.3) 2 (4.8) 181 (13.7) 475 (29.4) <.001
Visor 61 (2.0) 61 (2.1) 0 (0.0) 5 (0.4) 56 (3.5)
Cap 588 (19.7) 574 (19.5) 14 (33.3) 427 (32.0) 147 (9.1)
Bucket 443 (14.8) 428 (14.5) 15 (35.7) 218 (16.4) 210 (13.0)
Legionnaire 1 (0.0) 1 (0.0) 0 (0.0) 1 (0.1) 0 (0.0)
Wide brimmed 1236 (41.4) 1225 (41.6) 11 (26.2) 500 (37.5) 725 (44.9)
Cap/visor position N (%) Adult (n = 634) Child (n = 14) Adult males (n = 432) Adult females (n = 202) P-value
Peak facing front 638 (98.5) 624 (98.4) 14 (100.0) 423 (97.9) 201 (99.5) .135
Sleeve type N (%) Adult (n = 2946) Child (n = 42) Adult males (n = 1333) Adult females (n = 1613) P-value
Sleeveless top 931 (31.2) 920 (31.2) 11 (26.2) 188 (14.1) 732 (45.4) <.001
Cap sleeves 58 (1.9) 56 (1.9) 2 (4.8) 5 (0.4) 51 (3.2)
Short sleeves 1573 (52.6) 1546 (52.5) 27 (64.3) 973 (73.0) 573 (35.5)
Three-quarter sleeves 189 (6.3) 189 (6.4) 0 (0.0) 44 (3.3) 145 (9.0)
Long sleeves 237 (7.9) 235 (8.0) 2 (4.8) 123 (9.2) 112 (6.9)
Sunglasses N (%) Adult (n = 2457) Child (n = 26) Adult males (n = 1102) Adult females (n = 1355) P-value
Wearing sunglasses over eyes 2465 (99.3) 2439 (99.3) 26 (100) 1090 (98.9) 1349 (99.6) .062
Wearing sunglasses elsewhere 18 (0.07) 18 (0.07) 0 (0) 12 (1.1) 6 (0.4)
Note: Bolded P-values are significant at < 0.005.
TABLE 2 Sun protective headwear, clothing, and eye protection worn by 2988 attendees at A Day on the Green, held in Armidale, New South
Wales, Australia, Spring 2015, by age and sex








(n = 1613) P-value
aSun protective hat 1680 (56.2) 1654 (56.1) 26 (61.9) 719 (53.9) 935 (58.0) .028
bMinimally-protective headwear/no hat 1308 (43.8) 1292 (43.9) 16 (38.1) 614 (46.1) 678 (42.0)
Sleeve type
Sun protective clothing 426 (14.3) 424 (14.4) 2 (4.8) 167 (12.5) 257 (15.9) .005
Minimally-protective clothing 2562 (85.7) 2522 (85.6) 40 (95.2) 1166 (87.5) 1356 (84.1)
Sunglasses
Yes 2483 (83.1) 2457 (83.4) 26 (61.9) 1102 (82.7) 1355 (84.0) .333
No 505 (16.9) 489 (16.6) 16 (38.1) 231 (17.3) 258 (16.0)
a Sun protective hat = wide brimmed, bucket, or legionnaire hat.
b Minimally-protective or no headwear = no hat, or wearing a cap or visor.
Note: Bolded P-values are significant at < 0.0125.
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protective hat, this is considerably higher than rates of hat wearing
reported in studies one-to-two decades ago (Dobbinson et al., 2008).
In terms of rates of wearing sun protective clothing (three-
quarter or long sleeves), the current study results (14%) are similar to
Nikles and Harrison’s (2014) results of 10%, but lower than both
Dobbinson et al.’s (2008) and Volkov et al.’s (2013) most recent sur-
vey results (27% and 19%, respectively). Although the risk of sun
exposure and resulting skin damage is documented and well known,
the present study indicates that the study population is continuing to
overexpose themselves to UVR.
By contrast, the rate of observed wearing of sunglasses was high
(83%) in the current study compared with other sun protective
behaviors. Sunglasses protect the eyes from UVR; however, previous
studies have found sunglasses are underutilized in Australia, with
Volkov et al.’s (2013) study reporting 57% use of sunglasses and
Lagerlund, Dixon, Simpson, Spittal, and Dobbinson (2006) observing a
36% rate of sunglass use.
Differences between sexes observed in the current study have
also been reported elsewhere. Males are more likely to report greater
exposure to the sun, mainly due to greater participation in outdoor
work and leisure activities, compared to females (Stanton, Janda,
Baade & Anderson, 2004), and females are likely to be more knowl-
edgeable about skin cancer than males. Females believe that they have
higher susceptibility to skin damage, perceive fewer barriers to cover-
ing up, engage in more protective sun behaviors, and report being sun-
burnt less often (Hillhouse, Turrisi, Stapleton, & Robinson, 2008). It
has been speculated that higher knowledge levels among women
could be a result of them reading more magazines containing health
information (Jackson & Aiken, 2000). However, the higher knowledge
and use of sun protective measures among women conflicts with find-
ings that women have a greater desire for a tan and their increased
perception that a tan is healthy compared with men (Hillhouse
et al., 2008).
An outdoor lifestyle remains an Australian cultural norm, and
tanned skin is associated with health, attractiveness, and beach cul-
ture. The “bronzed Aussie” who enjoys the outdoor lifestyle is consid-
ered an important part of being Australian (Potente et al., 2011).
Outdoor music events in Australia have significantly increased in
recent years as an affordable opportunity to hear a variety of enter-
tainers in a carnival-like environment (Earl, 2001; Earl & van der
Heide, 2001). However, concern has been raised about the associ-
ated risk of these events, including the potential for UVR exposure
(Earl & van der Heide, 2001). While the results of the present study
confirm relatively poor sun protective behaviors among individuals
who attended the observed event, there has been a large improve-
ment in sun protective behaviors in Australia over time. However,
there is still potential for more public health intervention to provide
outdoor shade or other strategies to help reduce sun exposure. As a
result, there is an urgent need to reconsider the approach to improve
and sustain sun protection behavior.
Emphasis on health promotion and prevention has now shifted
to include procedures and strategies aimed at altering social and
physical environments. Health promotion should not only target indi-
viduals’ undesirable behaviors but also act to create social, political,
health-service, and legislative environments that support communities
and individuals to make positive changes (Egger et al., 2013).There is
a need for policy and recommendations for event organizers to pro-
vide a safe environment for the attendees at outdoor events. This
might include strategies, such as providing sun protective hats, sun-
screen, and use of signage reminding people to use sun protection.
Additionally, a policy should be developed that requires event orga-
nizers to provide a minimum area of shade for events that occur dur-
ing times of high UVR exposure. Outdoor event organizers have a
responsibility to protect event attendees, staff, and volunteers from
exposure to UVR. The Cancer Council states that event organizers
have a duty of care to the people who attend their event, including
any staff or volunteers (Cancer Council Victoria, 2017). Despite work
health and safety legislation in Australia that requires employers to
provide a safe working environment for employees, including reduc-
ing UVR exposure, there are currently no legally-mandated safety
requirements for outdoor event organizers to protect attendees from
UVR exposure.
There were two main strengths of the present study. First, the
use of unobtrusive observational data collection allowed actual,
rather than self-reported, behaviors to be recorded, eliminating the
risk of social desirability bias through self-reporting (van de Mortel,
2008). Second, data were collected for a large sample of attendees.
While observational studies do not feature random selection and
results cannot be generalized to a larger population, the large sample
size increases the reliability and robustness of the results. One of the
limitations of the present study was the recording of child status, and
sex was subjective for each observer, based on appearance, and could
not be confirmed. In addition, it was not possible to observe or
record the use of sunscreen and type of sunscreen used by attendees
at the event. It is possible that attendees used sunscreen as a sun
prevention strategy. Finally, the sample was not randomly selected.
Therefore, it is possible that selection bias might be a limitation of
the present study. Selection bias arises when the study population is
not a random selection from the target population. As such, the sys-
tematic (non-random) observation of attendees could be a potential
source of sampling bias. Finally, the statistical analysis was not
adjusted for the clustered nature of the data, resulting in a possible
underestimation of P-values.
5 | CONCLUSION
The results of the present study highlight the low adherence to recom-
mended sun protective behaviors among attendees at an outdoor
entertainment event and the need for improvement in those behaviors.
There is also a need for legislative or policy change to ensure that
event organizers are responsible for providing sun protection for event
attendees, particularly in areas of extreme UVR, such as the setting for
this study.
The results of the present study indicate that even with multiple
and regular health-promotion campaigns about the danger of UVR
exposure causing skin cancers, the message does not appear to be
translating into observable behaviors, such as the use of sun protective
hats, clothing, and sunglasses, among this sample. While it is important
to increase education and awareness about the danger of UVR
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exposure and preventive actions, a comprehensive approach that also
includes legislative changes is required to ensure that organizers of
outdoor events have a legal responsibility to provide a safe environ-
ment for attendees, including strategies to help reduce UVR exposure.
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